The 1-(4-hexylbenzoyl)-3-methylthiourea compound has been successfully synthesized by reacting 4-hexylbenzoyl chloride and 1-methylthiourea via the reflux method using a triethylamine catalyst. The 1-(4-hexylbenzoyl)-3-methylthiourea compound was identified by UV-visible, FT-IR, 13 C/ 1 H-NMR and Mass spectrophotometry. From the activity test on four cancer cell lines (HeLa, T47D, WiDr and MCF7 cell), it could be seen that it had better activity on four cancer cells than the control, hydroxyurea.
Introduction
Thiourea is an organic compound containing carbon, hydrogen, nitrogen and sulphur atoms. The thiourea structure is similar to the urea, except that the S atom in thiourea replaces the O atom on urea. In previous studies, urea was widely used in drug discovery research, for example as anticancer [1, 2] , anti-tuberculosis [3, 4] , antimalarial [5, 6] and analgesic [7] . Thiourea was also widely used in new drug discovery research, such as anticancer and antitumor [8] [9] [10] [11] [12] , antibacterial, antimicrobial and anti-tuberculosis [13] [14] [15] [16] [17] [18] , soluble epoxide hydrolase (sEH) inhibitor [19] and antiviral [20] .
In 2015, we synthesized and tested several 1-benzoyl-3-methylthiourea derivatives in HeLa cells [21] , and concluded that lipophilic enhancement could increase their activity. From this research, we have designed, synthesized and tested a 1-(4-hexylbenzoyl)-3-methylthiourea compound with much larger lipophilic properties than the previous compounds, as it was predicted to have activity in larger cancer cells. The synthesized 1-(4-hexylbenzoyl)-3-methylthiourea compound was tested against four cancer cell lines, namely: HeLa, MCF7, WiDr, and T47D.
Results

1-(4-Hexylbenzoyl)-3-methylthiourea
This compound was synthesized by acylation between 4-hexylbenzoyl chloride and N-methyl thiourea, where the nucleophile was N-methylthiourea ( Figure 1 ). The 1-(4-hexylbenzoyl)-3methylthiourea structure was characterized by the conversion of the -NH 2 moiety of N-methylthiourea to -N-C=O (C=O amide). This change could be observed in the 1 H-NMR spectra, which showed a proton peak at the -NH region, and was supported by the IR spectra with NH bands.
Molbank 2018, 2018, M9xx 2 of 5 methylthiourea to -N-C=O (C=O amide). This change could be observed in the 1 H-NMR spectra, which showed a proton peak at the -NH region, and was supported by the IR spectra with NH bands. The characteristic υ(N-H) stretching vibration of 1-(4-hexylbenzoyl)-3-methylthiourea appeared at the 3334 cm −1 . The strong absorption of the υ(C=O) amide band in the IR spectra of the title compounds was observed at the 1644 cm −1 , apparently decreasing in frequency compared with the ordinary carbonyl absorption (1700 cm −1 ). This is interpreted as being a result of its conjugated resonance with the phenyl ring and the possible formation of intramolecular hydrogen bonding with N-H. The frequency at 1172 cm −1 was assigned to the υ(C=S) vibration for this compound. Besides using the infrared spectrum, the synthesized compound has also been confirmed by 1 H/ 13 C-NMR and MS spectrophotometry [22] .
Cytotoxic Activity
The cytotoxic activity of the title compound was initially evaluated against T47D, MCF-7, WiDr, and HeLa cell lines with the MTT assay using hydroxyl urea as a positive control. As listed in Table  1 , the IC50 value of 1-(4-hexylbenzoyl)-3-methylthiourea compound was lower than hydroxyurea. Table 1 showed that the 1-(4-hexylbenzoyl)-3-methylthiourea was more potent against T47D, MCF-7, WiDr and HeLa cell lines if it was compared with hydroxyurea. It seems that addition of the 4-hexylbenzoyl and methyl groups to the thiourea structure may increase the potency of the cytotoxic activity. From the data, we concluded that the 1-(4-hexylbenzoyl)-3-methylthiourea compound has the best anticancer activity on T47D cell line (IC50 = 179 μM).
Materials and Methods
All reagents and solvents were purchased from standard commercial suppliers. Melting points were measured with an electrothermal melting point apparatus without correction. IR spectra were recorded in KBr on a Jasco FT-IR 5300, and the superior absorption was listed in cm −1 . 1 H-NMR/ 13 C-NMR spectra were taken on an NMR Agilent system consol DD2 spectrometer ( 1 H-NMR 500 MHz; 13 C-NMR 125 MHz). MS spectra were measured with high-resolution mass spectrometry (waters LCT Premier XE, detector ESI TOF, solvent aceton +0.1% formic acid in acetonitrile-water (1:1). Thin layer chromatography was carried out on aluminium plates coated with silica gel F254 (E Merck) using a UV lamp at 254 nm for spot detection.
1-(4-Hexylbenzoyl)-3-Methylthiourea
Mixed the N-methylthiourea 2 (4.5 g, 0.05 mol) with triethyl amine (3 mL) in tetrahydrofuran (20 mL) and then 4-hexylbenzoyl chloride 1 (5.62 g, 0.025 mol) in tetrahydrofuran (20 mL) was added slowly at room temperature. The mixture was refluxed for five hours at 75 °C. The mixture was concentrated by evaporating the THF, and saturated sodium bicarbonate (3 mL) was added to the The characteristic υ(N-H) stretching vibration of 1-(4-hexylbenzoyl)-3-methylthiourea appeared at the 3334 cm −1 . The strong absorption of the υ(C=O) amide band in the IR spectra of the title compounds was observed at the 1644 cm −1 , apparently decreasing in frequency compared with the ordinary carbonyl absorption (1700 cm −1 ). This is interpreted as being a result of its conjugated resonance with the phenyl ring and the possible formation of intramolecular hydrogen bonding with N-H. The frequency at 1172 cm −1 was assigned to the υ(C=S) vibration for this compound. Besides using the infrared spectrum, the synthesized compound has also been confirmed by 1 H/ 13 C-NMR and MS spectrophotometry [22] .
Cytotoxic Activity
The cytotoxic activity of the title compound was initially evaluated against T47D, MCF-7, WiDr, and HeLa cell lines with the MTT assay using hydroxyl urea as a positive control. As listed in Table 1 , the IC 50 value of 1-(4-hexylbenzoyl)-3-methylthiourea compound was lower than hydroxyurea. Table 1 showed that the 1-(4-hexylbenzoyl)-3-methylthiourea was more potent against T47D, MCF-7, WiDr and HeLa cell lines if it was compared with hydroxyurea. It seems that addition of the 4-hexylbenzoyl and methyl groups to the thiourea structure may increase the potency of the cytotoxic activity. From the data, we concluded that the 1-(4-hexylbenzoyl)-3-methylthiourea compound has the best anticancer activity on T47D cell line (IC 50 = 179 µM).
Materials and Methods
All reagents and solvents were purchased from standard commercial suppliers. Melting points were measured with an electrothermal melting point apparatus (Cole-Palmer Ltd., Staffordshire, UK) without correction. IR spectra were recorded in KBr on a Jasco FT-IR 5300 (Jasco Inc., Mary's Court Easton, MD, USA), and the superior absorption was listed in cm −1 . 1 H-NMR/ 13 C-NMR spectra were taken on an NMR Agilent system consol DD2 spectrometer (Agilent Technologies Inc., Santa Clara, CA, USA) ( 1 H-NMR 500 MHz; 13 C-NMR 125 MHz). MS spectra were measured with high-resolution mass spectrometry (Waters Corp., Milford, MA, USA), detector ESI TOF, solvent aceton +0.1% formic acid in acetonitrile-water (1:1). Thin layer chromatography was carried out on aluminium plates coated with silica gel F254 (E Merck, Darmstadt, Germany) using a UV lamp at 254 nm for spot detection.
1-(4-Hexylbenzoyl)-3-Methylthiourea
Mixed the N-methylthiourea 2 (4.5 g, 0.05 mol) with triethyl amine (3 mL) in tetrahydrofuran (20 mL) and then 4-hexylbenzoyl chloride 1 (5.62 g, 0.025 mol) in tetrahydrofuran (20 mL) was added slowly at room temperature. The mixture was refluxed for five hours at 75 • C. The mixture was concentrated by evaporating the THF, and saturated sodium bicarbonate (3 mL) was added to the product, and it was washed twice with distilled water (50 mL). The product was recrystallized with hot ethanol to give the 1-(4-hexylbenzoyl)-3-methylthiourea 3 crystals (Figure 1) . Yield of the product was 3.2 g (46%), white crystals, m.p. 89-90 • C. 1 
Cytotoxic Activity
In vitro anticancer activity against HeLa, MCF-7, T47D and WiDr cell lines were assayed by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method, and the results were expressed as IC 50 , the concentration of the compounds inducing a 50% inhibition of cell growth of treated cells, compared to control cells. Hydroxyurea (HU) was used as the reference drug. Cancer cell lines were seeded at a density of 1 × 10 4 cells/well in 96-well microplates. After 24 h, exponentially growing cells were exposed to the test compounds in DMSO, at final concentrations ranging from 15.625-250 µg/mL. After 48 h of compound exposure in a 5% CO 2 incubator at 37 • C, cell survival was determined by the addition of MTT solution (100 µL of 0.5 mg/mL MTT in PBS). Once formazan was formed, 100 µL of 10% SDS in 0.1 N HCl was added, and the plates were incubated in the dark at 37 • C overnight. The absorbance was observed at 595 nm on an ELISA-reader, and the survival ratio of living cells to untreated cells was expressed as a percentage. Each experiment was performed at least three times [23] . The IC 50 value of the test compound was shown in Table 1 .
Conclusions
In summary, we have successfully synthesized the 1-(4-hexylbenzoyl)-3-methylthiourea compound through an acylation reaction between 4-hexylbenzoyl chloride with N-methylthiourea. Overall, the compound was more active on four cancer cell lines (HeLa, MCF-7, T47D and WiDr), when it was compared with hydroxyurea. It showed the best anticancer activity on the T47D cell line, so it can be used as a promising anticancer candidate, although it must be tested further preclinical.
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